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DECLARATION 


The undersigned, Jan McLin Clayberg^ having an office at 
5316 Little Falls Road, Arlington, VA 22207-1522, hereby states 
that she is well acquainted with both the English and German 
languages and that the attached is a true translation to the best 
of her knowledge and ability of the International Patent 
Application PCT/EP 2004/053731 of LUTZ , H. , et al., entitled 
"CLAW-POLE ROTOR FOR AN ELECTRICAL MACHINE" . 

The undersigned further declares that the above statement 
is true; and further, that this statement was made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section lOOl 
of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
document or any patent resulting therefrom. 



CLAW-POLE ROTOR FOR AN ELECTRICAL MACHINE 


Prior Art 

5 

From European Patent EP 0 346 346 B1 . an electrical machine with a claw- 
pole rotor is known. This claw-pole rotor has two pole wheels, which each cany 
claw poles that each originate in a plate region and that each have a pole root. 
The claw poles alternate on the circumference of the claw-pole rotor, and free 

10 interstices are located between the claw poles. Each claw pole has a radially 
outward-oriented cylindrical-jacketlike surface, by which a pivot axis of the claw- 
pole rotor is defined. Each claw pole has a chamfer, originating at the cylindrical- 
jacketlike surface, that extends on the one hand in a circumferential direction and 
on the other in an edge direction of the claw pole. With the aid of the chamfers 

15 provided on this claw-pole rotor, it is indeed possible to lessen magnetic noise that 
is caused by the interaction between the claw-pole rotor and the stator. However, 
in this version shown in this reference, it is disadvantageous that the relatively 
wide angular range over the entire length of the claw pole leads to relatively major 
power losses of the rotary current generator. This is associated with the fact that 

20 the mean air gap of an individual claw is relatively large because of this chamfer. 


Advantages of the Invention 


The claw-pole rotor of the invention for an electrical machine, having the 
25 characteristics of the main claim, has the advantage that because this relatively 
steep chamfer is restricted to a small lengthwise portion of an individual claw pole, 
on the one hand the mean air gap between the stator and the claw pole is 
relatively small and hence the power is adversely affected only slightly, and on the 
other, because of the restriction of the angle of inclination, additional noise effects 
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caused by the interrelationship of the rotation of the claw-pole rotor in the stator 
and the winding are lessened. These noise effects are due to the fact that the 
winding placed in the stator iron typically has openings immediately in front of the 
axial face ends of the stator. 

5 

By means of the provisions recited in the dependent claims, advantageous 
refinements of the claw-pole rotor defined by the main claim are possible. 

A further improvement in efficiency is achieved by providing that the center 
1 0 portion of the chamfer amounts to one-third of the axial length of the chamfer. On 
the one hand, the mean air gap is thus further reduced, thus increasing the power, 
and on the other, the production process is facilitated, since less force is required 
for integrally fonming this chamfer, for instance by forging. 

1 5 For especially good adaptation of this chamfer, it is provided that it has a 
center in the edge direction that is located close to the transition plane from the 
pole root to the freely projecting part of the claw pole. 

It is especially favorable if the chamfer extends up to 5 mm in the pivot axis 
20 direction on the freely projecting part of the claw pole. A further improvement can 
then be attained if it extends up to 2 mm on the freely projecting part of the claw 
pole. This lengthwise 2 mm or 5 mm portion that is then typically still located under 
the stator iron contributes both to attenuating effects between the stator iron and 
the claw pole and to keeping the mean air gap within favorable limits. With regard 
25 to the width of the chamfer, it has been found that in the most favorable case, it 
has a width of between 4 mm and 6 mm. Similarly, the length of the chamfer is 
favorably between 4 mm and 6 mm, so that the power of the machine is good. If 
the chamfer is a plane which is oriented parallel to the pivot axis direction, then a 
relatively simple tool can be employed for integrally fonning the chamfer. This is 
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true for instance for the case where the chamfer is to be forged. On the one hand, 
the tool direction can be perpendicular to the pivot axis direction, and on the other, 
the applicable tool is embodied without an acute angle. This lengthens the service 
life of a corresponding forging tool. 

5 

It is furthermore provided that between the chamfer and the cylindrical- 
jacketlike surface, and thus a transition between the chamfer and the cylindrical- 
jacketlike surface in the direction toward the tip of a claw pole, is a stepped 
transition. On the one hand, this step limits the length of the chamfer, so that the 
10 mean air gap is not overly large, and on the other, this limitation means that the 
tool also needs to have only a limited surface area. For a forging operation, this 
means that the forging tool can be relatively small. This reduces the 
manufacturing costs. 

15 A rotary current generator is also provided which has a claw-pole rotor of the 
type described above. The chamfer should project beneath the stator iron in such 
a way that a portion of the chamfer remains outside the stator iron. This leads to 
the aforementioned effect that causes of noise from gaps in the winding in the 
vicinity of the stator iron are avoided or reduced. At a minimum, the chamfer 

20 should project at least 1 mm beneath the stator iron. With respect to this chamfer, 
it also matters that this chamfer is located on a particular side of each claw pole. 
In rotary current generators, as in many other electrical machines, a certain 
direction of rotation is defined in which the claw-pole rotor is rotated for generating 
current. Each claw pole has one edge that is oriented in the direction of rotation 

25 and is called the leading edge. Each claw pole also has one edge that is oriented 
counter to the direction of rotation and is correspondingly called the trailing edge. 
In that case, the chamfer should be located on the side of the claw pole that has 
the edge oriented in the direction of rotation. 
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Drawings 

In the drawings, one exemplary embodiment of a claw-pole rotor of the 
invention is shown, along with a rotary current generator having a claw-pole rotor 
5 according to the invention. 

Fig. 1 shows a longitudinal section through a rotary current generator; 

Fig. 2a is a view of half of a pole wheel; 

10 

Fig. 2b is a section through the pole wheel of Fig. 2a; 
Fig. 3 shows a top view on a claw pole of the pole wheel of Fig. 2a; 
15 Fig, 4 is a detail view of a chamfer; 

Fig. 5 shows a cross section through a chamfer; 

Fig. 6 shows a second cross section through a chamfer; 

20 

Fig. 7 is a side view on a claw pole in the region of the chamfer; and 

Fig. 8 in a schematic view shows the relative position between the stator iron 
of the rotary current generator and the claw pole; the surface of the claw pole that 
25 is intrinsically oriented toward the stator is rotated in the plane of the paper for the 
sake of better comprehension. 

Description 
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The alternating current generator 10 shown in fig. 1 is a rotary current 
generator, of the kind presently built into motor vehicles. However, the use of the 
subject of the invention is not limited to rotary current generators of the cup type 
as shown in the drawing, but instead is applicable to alternating current 
5 generators in general. 

This alternating current generator or rotary current generator 10 has as its 
metal housing two bearing plates 12 and 13, between whose open end regions 14 
and 15 a stator 16 is fastened. For connecting the two bearing plates 12 and 13 to 

10 the stator 16, stay bolts which are fixed in the two bearing plates 12 and 13 serve 
as clamping elements 17. The bearing plates 12 and 13 each include a respective 
ball bearing 18 and 19 for rotatably receiving a claw-pole rotor 20. The stator is 
composed of metal sheets (laminations), which are of magnetizable iron and are 
compressed into a solid lamination packet. The essentially annular stator 16 is 

15 provided, in a stator bore 21 , with slots 22 for receiving alternating current 

windings 23. In this rotary current generator 10, the alternating current windings 
23 are three electrical wavelike windings offset spatially by 120°, which in 
operation of the alternating current generator output a three-phase usable 
generator current to a schematically shown rectifier 24 that is secured to the 

20 alternating current generator 10. The rectifier 24 converts the rotary current into 
direct current. The claw-pole rotor 20 is essentially composed of a rotor shaft 25, 
received rotatably in the ball bearings 18 and 19; two pole wheels 26 and 27, fixed 
with spacing from one another to this rotor shaft 25, along with their claw poles 28 
and 29, respectively; a pole core 30 of magnetizable material, which is slipped 

25 onto the rotor shaft 25 as well and is located between the two pole wheels 26 and 
27; an exciter winding 31, wound onto the pole core 30 and sunrounded by both 
pole wheels 26 and 27 an also by the claw poles 28 and 29 that extend parallel to 
the rotor shaft 25; and furthermore, two wiper rings 32 and 33, also fixed to the 
rotor shaft 25 side by side and spaced apart from one another, each connected 
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electrically to a respective end of the exciter winding 31 . Pressing against the two 
wiper rings 32 and 33 is a respective spring-loaded wiper brush 34 and 35, 
respectively, and these brushes are guided in a brush holder 36 that is common to 
both of them, and they deliver the exciter current to the exciter winding 31 that 
5 revolves with the claw-pole rotor 20. The brush holder 36, which is of plastic, is 
fixed to the bearing plate 1 3. The higher the exciter current and the greater the 
rpm of the claw-pole rotor 20, the higher is the voltage generated by the rotary 
current generator. The exciter current delivered to the exciter winding 31 is 
dimensioned by a voltage regulator, not shown but usually secured to the 

10 alternating current generator 10, in such a way that the generator voltage remains 
virtually constant over the entire rpm range of the alternating current generator, or 
of the vehicle engine in question, not shown, and specifically does so regardless 
of the load and the rpm. The claw-pole rotor 20 preferably has six claw poles 28 
and 29 on each of its two pole wheels 26 and 27, respectively, and these claw 

15 poles mesh in fingerlike fashion with one another, but with an insulating spacing 
from one another. One claw pole 28 of the pole wheel 26 and one claw pole 29, 
located beside it, of the pole wheel 27 together form one claw pole pair. The two 
claw poles 28 and 29 have different polarities and generate a magnetic field. 
When the claw-pole rotor 20 is rotating, the usable electric current of the 

20 alternating current generator 10 is generated by such magnetic fields in the 
alternating current windings 23. The air gap located between the claw poles 28 
and 29, respectively, and the stator bore 21 is identified by reference numeral 37. 

Outside the housing 1 1 of the alternating current generator 10, a pulley 38 
25 serving to drive the alternating current generator 10 is located on the rotor shaft 
25. The pulley 38 and the fan 42, which assures the passage of cooling air 
through the altemating current generator 10, form a single component. 
Alternatively, the fan 42 may be a separate component, which may be located 
either outside or inside the metal housing 1 1 . However, one fan 42 each may be 


-6- 


disposed on both sides of the claw-pole rotor 20 inside the housing (so-called 
compact generator). For securing the alternating current generator 10 to the motor 
vehicle engine, the bearing plate 12 on the drive side is provided with a pivot arm 
44. A second fastening means that is practical for precise fixation of the 
5 alternating cunrent generator 10 is not shown in Fig. 1 . 

In Fig. 2a, the pole wheel 26 is shown with its six claw poles 28 distributed 
uniformly over its circumference. The pole wheel 26 and the claw poles 28, in the 
present example, are made from a single piece of magnetizable material, but they 

10 may also be assembled from a plurality of individual parts. The pole wheel 27 and 
its claw pole 29 essentially corresponds to the pole wheel 26 with its claw poles 
28. In the center of the pole wheel 26, there is a center bore 45, in which the rotor 
shaft 25 is fixed. The fixation of the pole wheel on the rotor shaft is preferably 
accomplished by a knuried region 46 on the corresponding region of the rotor 

1 5 shaft 25 and by additional calked regions 27 between the edge of the center bore 
45 of the pole wheel 26 and the rotor shaft 25. On the left-hand side of the pole 
wheel 26, an arrow and the letter D designate the intended direction of rotation 
upon generation of the generator current. In Fig. 2a, a plate region 50 of the pole 
wheel 26 is shown. Beginning at this plate region 50, a pole root 53 initially 

20 extends radially outward. Each pole root 53 of each claw pole 28 is separated 
from the adjacent pole root by an interstice 56. Via the pole root 53, the freely 
projecting part of the claw pole 28 is braced on the plate region 50. For the sake 
of cleariy defining the freely projecting part of the claw pole 28, the pole root 53, 
and the plate region 50, the following definition is intended to apply: 

25 

The plate region 50 establishes the connection with the rotor shaft 25 and 
ends radially outward at the place where either the interstice 56 or a pole root 53 
begins. The beginning of a pole root 53 radially outward determined by the fact 
that a circular arc 57 - see Fig. 2a - is inscribed between two adjacent interstices 
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56 and their radially innermost extent or position. Since the innermost extent of 
each interstice is additionally dependent on its axial position, a complex boundary 
face between the pole root 53 and the plate region 50 can result. 


5 An axial boundary between the pole root 53 and the freely projecting part of 
the claw pole 28 is meant to be defined here by the fact that this boundary 59 is a 
face that is theoretically lengthened radially outward and begins at the surface 62, 
oriented toward the exciter winding 31, of the plate region 50. The cylindrical 
surface 43 of the claw pole 28 defines a pivot axis 65 (and vice versa); see also 
10 Fig. 2b. 


In Fig. 3, a top view on a claw pole 28 and the adjacent plate region 50 is 
shown. The plate region 50, the pole root 53, the boundary 59, and the freely 
projecting part of the claw pole 28 are clearly visible here. This claw pole 28 has 

1 5 two important edges, which can be defined further in terms of the direction of 
rotation D of the pole wheel 26. The leading edge oriented in the direction of 
rotation D is here called the edge 73. The other edge 70, since it is oriented 
counter to the direction of rotation D, is called the trailing edge. The chamfer 68 is 
located on the side of the claw pole 28 that has the leading edge 73. The edge 73 

20 defines an edge direction in which the chamfer extends in one direction. The 
direction of rotation D defines a circumferential direction in which the chamfer 68 
also extends. 


The statement that the chamfer 68 also extends in the edge direction does not 
25 mean that a plane fonned by the chamfer 68 must necessarily be parallel to the 
edge 73. The two directions given merely describe a plane in geometric terms. 

Fig. 4, in an enlarged view, shows a detail of the region of the claw pole 28 
and of the pole root 53 that defines the near surroundings of the chamfer 68. The 
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chamfer 68 has a length I, which is defined in the edge direction. The chamfer 68 
also has a center portion m, which extends in the same direction. The chamfer 68 
has a center M, which divides it in the middle in terms of its length I. The center 
portion m is located symmetrically to the center M. This means that the remaining 
5 longitudinal portions on either side of the center portion m are of equal size. The 
center portion m and the two lateral edge portions thus form the total length I of 
the chamfer 68. Moreover, the lines boundary lines of the chamfer 68 need not be 
rectilinear. The boundary line located on the pole root 53, especially, may well 
assume a shape that is quite different from that. The transition plane 59 from the 
10 pole root 53 to the claw pole 28 is also shown here. It is provided that the 

transition plane 59 intersects the center portion m in the region of the chamfer 68. 
The center portion m should amount to 8/10 of the axial length I of the chamfer 68. 

In Fig. 5, a cross section through the claw pole 28 is shown; see also Fig. 4. 

15 As indicated in Fig. 5, the claw pole has a width B^^ in the circumferential direction. 
Beginning at the width B^, a center line is defined that divides the surface of a 
claw pole 28 in half at half the width B^. The center line may - depending on the 
design of the claw pole 28 - be parallel to the pivot axis 65; see also Fig. 3. The 
center line is also visible as a point P in Fig. 5. At this point P, a tangent T can 

20 be inscribed into a plane (in this case the plane of the paper In Fig. 5) oriented 
vertically to the pivot axis 65, so that the tangent T and the chamfer 68 at the point 
P define an angle of inclination a that has a size of between 15° and 25°. 

Thus a claw-pole rotor 20 for an electrical machine 10, in particular a rotary 
25 current generator, is provided, having two pole wheels 26 and 27, each of which, 
beginning at a plate region 50, has a plurality of claw poles 28 and 29, 
respectively. Each claw pole 28 and 29 has one pole root 53. On a circumference 
of the claw-pole rotor 20, claw poles 28 and 29 of the pole wheels 26 and 27, 
respectively, alternate with one another. Interstices are located between the claw 
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poles 28 and 29. Each claw pole 28 and 29 has a radially outward-oriented 
cylindrical-jacketlike surface 43, by which a pivot axis 65 is determined. Beginning 
at the cylindrical-jacketlike surface 43, a chamfer 68 extends on one side in a 
circumferential direction s^ and on the other in an edge direction of a claw pole 28. 
5 In the edge direction, the chamfer 68 has a center portion m, which intersects a 
transition plane 59 that demarcates the pole root 53 and the freely projecting claw 
pole 28. It is provided that the center portion m amounts to 8/10 of the axial length 
I of the chamfer 68. In addition to the definition given In conjunction with Fig. 5, the 
chamfer has an angle of inclination a of between IS"" and 25°, which is formed at 
10 a point P between the surface of the chamfer 68 and the tangent T. The point P, 
at Its location with respect to the pivot axis 65, divides a claw pole 28 in half in the 
circumferential direction. The angle a is ascertained in a plane that is located 
vertically on the pivot axis 65. The center portion m may, in a further feature of the 
invention, instead amount to only 1/3 of the axial length I of the chamfer 68. 

15 

The chamfer 68 has a center M in the edge direction that is located near the 
transition plane 59 from the pole root 53 to the freely projecting part of the claw 
pole 28 and 29, respectively. 

20 It is also provided that the chamfer 68 extends with a length I3 in the pivot axis 
direction - beginning at the transition plane 59. It is provided that the chamfer 68 
extends in the pivot axis direction on the freely projecting claw pole 28 with a 
length 1^ that in a first approximation is up to 5 mm and in a second approximation 
is 2 mm. 

25 

Ideally, the chamfer 68 has a width bp, which amounts to between 4 mm and 6 
mm. 

The chamfer 68 is intended to have a length I of between 4 mm and 6 mm. 
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I 


As shown in Fig. 5, the chamfer 68 should be a plane that is oriented, in one 
exemplary embodiment, parallel to the pivot axis direction 65. 

5 In the exemplary embodiment of Fig. 6, the chamfer 68 may also be a plane 
which is oriented parallel to the edge direction 73. 

For the case where the chamfer 68 is not a plane but instead a face deviating 
from a plane, here called a free-form face, these last two characteristics do not 
10 pertain. Everything else said above about the chamfer 68 can pertain to either a 
flat version of the chamfer 68 or a non-flat version of the chamfer 68. 

As shown in Fig. 7, it is provided in a special version that the chamfer 68, in 
the direction of the free end of a claw pole 28 or 29, has a stepped transition 80 
1 5 into the cylindrical-jacketlike surface 43. Thus together with the step 80, the 
chamfer 68 forms a notch 83. 

It is provided that the chamfer 68 is integrally formed on without metal cutting, 
in particular being forged on. It is understood, however, that the chamfer 68 may 
20 also be produced by a metal-cutting machining process. 

Fig. 8 shows a detail of part of a generator 10. The stator 16 comprises the 
stator iron 86 on the one hand and the alternating current winding 23. The 
alternating current winding 23 has openings 89 near the face-end region 14. 
25 Typically, this opening 89 is defined on the one hand by the alternating current 
winding 23 and on the other by the face-end region of the stator iron 68. If the 
stator has 36 slots, or 48 slots, for example, then as a rule there are 36 or 48 
openings 89, respectively. For the sake of further improved comprehension of the 
location of the chamfer 68 relative to the stator iron 86, the cylindrical surface 43 
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shown in Fig. 8 is tilted into the plane of the observer. It is clear from Fig. 8 that a 
rotary current generator 10 is provided which on the one hand has an annular- 
cyiindricai stator iron 86 and a claw-pole rotor 20 according to the invention, and 
the chamfer 68 projects beneath the stator iron 86 in such a way that part of the 
5 chamfer 68 remains outside the stator iron 86. The stator 68 should project 
beneath the stator iron 86 by at least one 1 mm. The symbol for this length is \^^^. 

In Fig. 8, it is also indicated that the rotary cunrent generator 10 has a certain 
direction of rotation D, in which the claw-pole rotor 20 is rotated to generate 
10 current, and each claw pole 28 and 29 has one edge 70 that is oriented counter to 
the direction of rotation D. Each claw pole also has one edge 73 that is oriented in 
the direction of rotation D and here is called the leading edge. The chamfer 68 is 
located on a side of each claw pole 28 and 29 that has the edge 73 that is 
oriented In the direction of rotation D. 

15 

Portions of this description that refer to a claw pole 28 apply analogously to a 
claw pole 29. 

The invention is not limited to pole wheels 26 and 27 each with six claw poles 
20 28 and 29, respectively; it also applies to versions of pole wheels each with seven 
or even especially eight claw poles 28 and 29 each. 

Nor is the invention limited to claw-pole rotors 20 that have free interstices 56; 
it is also applicable to embodiments of the kind that are filled or closed by means 
25 of a claw pole closure, not shown here. 
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